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DIGITAL LOCK-IN DETECTOR FOR
ULTRA-LOW LEVEL NOISE SPECTRUM ANALYSIS

by

Xiaoyi Wang
Physics Department
University of Utah

Salt Lake City, Utah 84112

Abstract

A personal computer based digital lock-in detector was
developed and used in ultra-low level noise spectrum
analysis. The digital lock-in detector was Integrated with a
digital spectrum analyzer based on an Apple Ile computer to
form a complete noise spectrum analysis system. This system
is capable of analyzing noise signals much lower than
internal amplifier noise.

In experimental electrical noise studies and similar areas, many

signals are not measurable because they are lower than the internal

amplifier noise. Especially at low frequencies, amplifier noises

become overwhelming, due to the 1/f noise generated by the internal

active devices. By using lock-in detection1 , the internal amplifier

noise can be rejected. Low frequency noise signals are conventionally

processed digitally and the use of a digital lock-in detector results

in an all-digital system. S

Fig. 1 shows the spectrum analysis system using the digital lock-

in detector. The major hardware support for the system is an

Apple Ile personal computer and an IQS 401 spectrum analyzer card2.

The modulation is done externally to the computer and it is done S

in the analog domain. The square wave generator is controlled by the

sample and lock-in detection subroutine. The square wave generated is

filtered by a low-pass filter to produce a sine function for I For

modulation, and it is synchronized to the demodulation. The synchro- -

nization guarantees the detection to be locked-in, thus there is no N

problem with modulation and demodulation not being in phase. 
ko

By_
D is tributi on/

~7 Availability Codes
Dist Special

*N



2

Since the sample rate should not be lower than the Nyquist sample

rate, a digital low-pass filter is provided for obtaining data of

lower sample rates for spectrum analysis. The output from the lock-in

detector can be either applied directly to the spectrum analyzer or it

can be filtered and resampled to get data of lower sample rates. The

cut-off frequency of the digital low-pass filter is 1/8n, and the

resampling rate is 1/8 of the original sample rate.

The spectrum analyzer is modified from an IQS 401 spectrum

analyzer. Besides other modifications, the following two features

have been added3: spectral averaging and power spectrum scaling. The

spectral averaging feature reduces the standard deviation in power

spectrum estimation. The number of averages can be up to 8 for

512-point FFT's. The power spectrum scaling feature normalizes the

power spectra to v2/Hz.

Performance of the system is illustrated by measuring the noise of

several resistors. Fig. 2 shows the set-up. vm is the modulating

signal generated by the computer. The two lOOk's are metal film

resistors, whose 1/f noise is negligible. Ri's are the ones whose

noise is to be measured. Ri's resistance is small compared to 1OOkl,

so that the current in the loop remains approximately the same for

different Ri's.

Fig. 3 shows the noise power spectra of a lkQ metal film resistor,

a lkQ carbon resistor and a 10 kW carbon resistor. The original power

spectrum of the internal amplifier noise is also plotted for comparison.

Since the internal amplifier noise contains components which have

random phases and whose frequencies are close to the modulating fre-
quency It produces an impulse-train output from the lock-in detector

and its power spectrum is a horizontal line (see the spectrum labelled

'Ik metal film").

The 1/f noise from the lksl metal film resistor is negligible and

C-
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Its thermal noise is lower than that of the amplifier, therefore Its

power spectrum is the same as that of the amplifier noise (measured by

the lock-ir detector).

Both the lkQ and the lOkl carbon resistor show 1/f noise. From

the empirical equation4

a v2

Sv(V,f) - - -
N f

where Sv is the power spectrum, a is a constant for the same type of

material, v is the dc voltage across the resistors, f is the frequency

at which the noise is measured, and N is the number of carriers
engaged in conducting. In our case, v is approximately constant.

When Ri's are changed from Ik to 10k, N is reduced by a factor of 10,

therefore the power spectrum should differ by an order of magnitude,

which is shown by the result.

The digital lock-in detector developed here provides a highly

attractive way for ultra-low level signal measurements. The results

show that it is capable of detecting signals much lower than the
internal amplifier noise. The lowest level which can be detected is

determined by the components in the amplifier noise whose frequencies

are close to the modulating frequency. The design of the detector

guarantees the detection to be locked in, so correct results can be
obtained. The digital method used here reduces the cost by tens of

times for this kind of ultra-low level signal measurements.

This work was supported in part by the Office of Naval Research.

The author would like to thank J. J. Brophy for initial suggestions

that led to this technique.
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Fig. 3 Noise power spectra of resistors
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